The Molecular Basis for Antimicrobial Activity of Pore-Forming Cyclic Peptides by Cirac, Anna D. et al.
  
 University of Groningen
The Molecular Basis for Antimicrobial Activity of Pore-Forming Cyclic Peptides
Cirac, Anna D.; Moiset, Gemma; Mika, Jacek T.; Kocer, Armagan; Salvador, Pedro; Poolman,





IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.
Document Version
Publisher's PDF, also known as Version of record
Publication date:
2011
Link to publication in University of Groningen/UMCG research database
Citation for published version (APA):
Cirac, A. D., Moiset, G., Mika, J. T., Kocer, A., Salvador, P., Poolman, B., ... Sengupta, D. (2011). The
Molecular Basis for Antimicrobial Activity of Pore-Forming Cyclic Peptides. Biophysical Journal, 100(10),
2422-2431. https://doi.org/10.1016/j.bpj.2011.03.057
Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).
Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.
Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.
Download date: 12-11-2019
 SUPPORTING MATERIAL 
The molecular basis for antimicrobial activity of pore-forming 
cyclic peptides 
 
Anna D. Cirac,†‡ Gemma Moiset,† Jacek T. Mika,† Armagan Koçer,† Pedro Salvador,‡ Bert Poolman,† 
Siewert J. Marrink,† Durba Sengupta ‡* 
 
†.Dept. of Biochemistry and Biophysical Chemistry, Groningen Biomolecular Sciences and 
Biotechnology Institute, Netherlands Proteomics Centre & Zernike Institute for Advanced Materials, 
University of Groningen, Nijenborgh 4, 9747 AG Groningen, Netherlands; and ‡.Institute of 
















Keywords: disordered toroidal pore, molecular dynamics simulation, dual color fluorescence burst 




Figure S1. A. Lipids involved in the large perturbation show a decrease in their lipid-order parameter. 
Lipid-tail order parameters of the Sn2 chain obtained from simulation C9a. The order parameters are 
plotted for pure DPPG (solid black line) as a reference, peptide-free leaflet (dashed line) and peptide-
associated leaflet (solid red line), and the peptide-associated leaflets are divided between LP (Large 
Perturbation, dashed-dotted line) and not LP (not Large Perturbation, dotted line). The left plot shows 
the first simulation amongst 0-60 ns, where the peptides interacts and bind to membrane surface, and 
right plot the insertion till the largest perturbation occur (60-190 ns). B-C. Pore features. B. An example 
of the disordered toroidal pore (simulations C9). The peptides not directly involved in the pore are not 
shown for clarity. C. The top view of the pore. The phosphorus atoms are colored in yellow spheres, the 
peptide backbone in pink and the lysine side-chain in orange. The water molecules that are present in 
the channel are depicted in cyan. 
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Figure S2. Cyclic and linear peptides fuse liposomes. A. DCFBA experiment of the peptide BPC194 
with DiD-labeled vesicles and 10 kDa Dextran-FITC as internal marker. Left: BPC194 induces 
liposome fusion/aggregation without leakage. Right: Confocal images of vesicles probed in the DCFBA 
experiments. Panel α represents the intact vesicles, panel β shows a P:L ratio where the peptide caused 
fusion/aggregation without leakage, and panel γ shows a P:L ratio where little fusion/aggregation was 
observed and the vesicles did not leak. The scale bar is 20 μm. B. Data dimensions of internal size 
marker molecules. 1 Calculated on the basis of molecular weight, using the following equation: 
rs  3Mw4NA
3  
where rs is the Stokes radius of the molecule, Mw is the molecular weight, NA the Avogadro constant and 
ρ the density of the particle (calculated from composition, using the program sednterp from 
http://jphilo.mailway.com/download.htm). 2The diffusion coefficient was determined in water at 20oC by 
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fluorescence correlation spectroscopy (FCS), as described previously (Veldhuis et. al., 2006). The 
Stokes radius was calculated from the D values, using the Einstein-Stokes relationship: 
D  kBT
6rs  
where, kB is the Boltzman constant, T the temperature and γ the viscosity of the medium.3 The dextran is 
assumed to be a prolate elipsoid with an axial ratio of 4 (Bohrer et. al., 1979; for a 9.5 kDa Dextran). 
The semi-minor axis (α) and semi-major axis (β) are calculated using the rs, measured in this work by 
FCS, from the dependence: 
r  2 13  
The dimensions of the dextran molecules should be taken with caution since they are not spherical and 
may lose their water shell while passing through the pore. 
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Supporting Tables 
Table S1. Overview of the MD simulations performed 
Code System Electrostatic Regime Counter-ions Time (ns) 
9Ca Cyclic RF - 160 
9Cb Cyclic RF - 20 
9Cc Cyclic RF - 30 
9Cd Cyclic RF - 30 
9Ce Cyclic RF 54 Cl- 90 
9Cf Cyclic RF 54 Cl- 75 
9Cg Cyclic RF 54 Cl- 75 
9La Linear RF - 140 
9Lb Linear RF - 100 
9Lc Linear RF - 40 
9Ld Linear RF - 35 
9Le Linear RF 54 Cl- 90 




Table S2. Overview of the ten simulations starting from the transition state with the cyclic peptide (C1-


















C1 2-3 ns DTP Stabilization HG 20 ns ± 0.50 29.9 3 40 
C2 4 ns DTP Stabilization HG 12 ns ± 0.50 34.5 3 40 
C3 4 ns DTP Stabilization HG 17 ns ± 0.52 36.7 3 40 
C4 - No pore Perturbations afterwards ± 0.46 34.2 - 40 
C5 1 ns DTP Stabilization HG 20 ns ± 0.54 34.2 3 40 
C6 - No pore Perturbations afterwards ± 0.40 34.1 - 40 
C7 - No pore Perturbations afterwards ± 0.48 32.8 - 40 
C8 - No pore Perturbations afterwards ± 0.43 33.1 - 40 
C9 1-2 ns DTP Stabilization HG 10 ns ± 0.59 33.4 3 125 
C10 1-2 ns DTP Stabilization HG 10 ns ± 0.55 36.6 3 170 
L1 25 ns DTP Stabilization HG 45 ns ± 0.47 33.2 1 50 
L2 - No pore Relaxation ± 0.39 21.9 - 50 
L3 - No pore Large Perturbations ± 0.48 16.1 1 50 
L4 - No pore Relaxation ± 0.41 20.7 - 40 
L5 - No pore Relaxation ± 0.38 19.8 - 40 
L6 - No pore Relaxation ± 0.40 22.3 - 40 
L7 20-30 ns DTP Stabilization HG 60 ns ± 0.54 22.2 1 150 
L8 - No pore Relaxation ± 0.43 18.7 - 40 
L9 - No pore Relaxation ± 0.45 26.7 - 60 
L10 3-4 DTP Stabilization HG 45 ns ± 0.48 17.0 1 150 
